Introduction
The U.S. Departments of Agriculture and Interior (USDA-DOI) Abandoned Mine Lands (AML) Initiative is focused on the evaluation of the effect of past mining practices on the water quality and the riparian and aquatic habitats of impacted stream reaches downstream from historical mining districts located primarily on Federal lands. This problem is manifest in the eleven western states (west of longitude 102°) where the majority of hardrock mines that had past production are located on Federal lands (Ferderer, 1996; USDA Forest Service and Bureau of Land Management, 2007) . In areas of temperate climate and moderate to heavy precipitation, the effects of rapid chemical and physical weathering of sulfides exposed on mine-waste dumps and acidic drainage from mines have resulted in elevated metal concentrations in the stream water and stream-bed sediment. The result of these mineral weathering processes has an unquantified impact on the quality of the water and the aquatic and riparian habitats that may limit their recreational resource value. One of the confounding factors in these studies is the determination of the component of metals derived from hydrothermally altered but unmined portions of these drainage basins (Runnells and others, 1992) .
Several watersheds have been studied to evaluate the effects of acid mine drainage (AMD) and acid rock drainage (ARD) on the near-surface environment (U.S. Geological Survey, 1997) . The Animas River watershed in southwestern Colorado ( fig. 1 ) contains a large number of past-producing metal mines (Church and others, 2007) that have affected the watershed. Beginning in October 1996, the U.S. Geological Survey (USGS) began a collaborative study of these effects under the USGS-AML Initiative (Buxton and others, 1997) . In this report, we present the radionuclide and geochemical analytical results of sediment coring during 1997-1999 from two cores from oxbow lakes 0.5 mi. upstream from the 32nd Street Bridge near Durango, Colo. (fig. 2) , and from three cores from beaver ponds within the Mineral Creek drainage basin near Silverton, Colo. (fig. 3 ).
Radionuclide Data and Calculations and Loss-On-Ignition, X-Ray Fluorescence, and ICP-AES Data from Cores in Catchments of the Animas River, Colorado
By Stanley E. Church, Cyndi A. Rice, and Marci E. Marot . Oxbow lakes are numbered in the order they formed: oxbow lake #1 is the oldest, oxbow lake #4 (core 97ABS300; 300 on figure) the youngest. Oxbow lake #4 was active when the initial topographic mapping was completed in 1896 (U.S. Geological Survey, 1898). Core locality for dated core (99928; 928-1 on figure) shown in oxbow lake #2. . 
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Methods of Study Depositional Site Characteristics
Samples for this study were collected from two different depositional environments, both of which are geomorphologically distinct. Many stream reaches in the headwaters are downcutting, have broad to narrow riparian zones ( fig. 3) , and often support an active beaver population. Beaver ponds in the upper watershed in the Mineral Creek drainage basin are built on the sides of the riparian zone, trapping ground water before it enters the streams. The downstream reach of the Animas River has numerous meanders and has created many generations of oxbow lakes ( fig. 2) . The depositional environments of beaver ponds and oxbow lakes provide ideal sedimentary repositories that preserve a stratigraphic and chronologic record of environmental change in the watershed, and both depositional environments have low sedimentation rates and significant spring-fed ground-water components in their water budgets (Fey and others, 2000) . In this study, we report the results of geochemical, lead (Pb) isotopic, and radionuclide data from these young sediment catchments to document the recent changes (<200 yr) in geochemistry caused by historical mining.
Sample Collection
Sediment Cores
Sediment cores were collected by driving and subsequently extracting sections of 10-cm-diameter PVC pipe that had previously been acid-cleaned and water-rinsed into the sediment (sites 99928-1; 99929-1 through 99929-3). These cores were subsequently split lengthwise and sampled in 1-2 cm intervals, taking care to avoid material in contact with the core liner and along the split-core surface, to give the time resolution needed for the study. Core 97ABS300 was a 5-cmdiameter core that was subdivided based on stratigraphic, color, and grain-size differences (Fey and others, 2000) . Core sample localities and depth intervals are in table 1. Subsamples from the cores were subsequently analyzed for radionuclides, element abundances, and loss-on-ignition. 
Sample Preparation
Core subsamples were air dried. The midpoint of the depth interval for each subsample is used as the depth for that subsample. No depth corrections for compression were made on the 10-cm-diameter cores. Samples with high organic content (peat) were ashed prior to analysis (Fey and others, 2000) .
Because the grain size in all samples except those from core 97ABS300 was predominately silt, subsamples were mixed but not ground to finer grain size. Core 97ABS300 was expanded linearly to correct for compression (Fey and others, 2000) . Core compaction was determined by measuring the depth of penetration of the core casing in the field, and then measuring the length of the recovered core material. Subsamples from core 97ABS300 were air dried, sieved if the grain size exceeded that of fine sand (0.125-0.25 mm), and the fines retained and ground in random order to minus 100 mesh in a vertical pulverizer. The grain size and sample type are briefly described for each interval in the data tables (2-6). The peat zones in the beaver ponds are described in tables 4-6 as matted fiber or grass.
Analytical Methods and Results
Geochemical Analyses
Trace-Element Analysis by Inductively Coupled Plasma-Atomic Emission Spectrometry
The samples were digested with a mixed-acid procedure consisting of hydrochloric, nitric, perchloric, and hydrofluoric acids (HCl, HNO 3 , HClO 4 , and HF) (Crock and others, 1983; Briggs, 2002) . This procedure is effective in dissolving most minerals, including silicates, oxides and sulfides; resistant or refractory minerals such as zircon, chromite, and some tin oxides are only partially dissolved. Previous investigations using a variety of materials support the completeness of the digestion (Church, 1981; Church and others, 1987; Wilson and others, 1994) . Trace-and major-element data (tables 2-6) were determined by ICP-AES (inductively coupled plasmaatomic emission spectrometry; Briggs, 2002) . ICP-AES data are reported for As, Cd, Cu, Pb, Mn, Ag, and Zn for all sample intervals, and for the major elements if the core subsample was not analyzed by X-ray fluorescence (Fey and others, 2000) . Limits of determination for the ICP-AES total digestion multiacid method as well as a statistical summary of mean values, standard deviations, and median values for four National Institute of Standards and Technology (NIST) standard reference materials (SRM-2704, SRM-2709, SRM-2710, and SRM-2711) are given in Fey and others (1999) . In addition, comparisons with certified values for these standards (NIST, 1993a,b,c,d) are in Fey and others (1999) . Both analytical precision and accuracy are well within acceptable ranges of error for the method (Briggs, 2002) .
X-Ray Fluorescence Analysis
Samples from cores 99928-1 (table 2), 99929-2 (table 5) , and 97ABS300 (table 3) were also analyzed using wavelengthdispersive X-ray fluorescence spectrometry (Taggart and others, 1987) by a contract laboratory to obtain more reliable and accurate major-element data including SiO 2 . X-ray fluorescence data for SiO 2 were found to be important to track the contribution of windblown mill tailings to sediment in the two small catchment basins (cores 99928-1 and 99929-2) because the ore milled at the Sunnyside Mill at Eureka during the period from 1900-1915 was predominately galena in quartz (SiO 2 ) veins (Jones, 2007 Radionuclide Analysis 210 Pb activity was measured by alpha spectroscopy. The 210 Pb (half-life = 22.3 yr) alpha method is based on determining the activity of polonium-210 ( 210 Po), which is assumed to be in secular equilibrium with its parent 210 Pb. The analytical method exploits the ability of polonium to auto-plate onto silver planchets, which facilitates the alpha counting (Flynn, 1968) . Briefly, 5 g of sediment was hand-ground in a mortar and pestle and fired in a muffle furnace at 550°C for 6 hours to determine loss-on-ignition (LOI). The percent ash content (determined from the LOI) of samples containing organic matter (peat) is provided for samples that were ashed prior to analysis. The fired material was transferred to a glass beaker, 210 Po was acid-leached from the sediment, and a known quantity of the tracer 209 Po was added to the solution prior to auto-plating the polonium isotopes onto silver planchets. The planchets were counted in low-level alpha spectrometers coupled to a pulse-height analyzer.
Gamma spectroscopy was used to determine the beryllium-7 ( 7 Be) (half-life = 53 d), cesium-137 ( 137 Cs) (half-life = 30.2 yr), and radium-226 ( 226 Ra) (half-life = 1,600 yr) activities in each sample (Cutshall and others, 1983) . A 50-g aliquot of dried and ground sample was sealed in a plastic counting jar. Sealed samples were stored for at least 20 days to allow 222 Ra and 214 Pb activity to come into equilibrium with their parent isotope ( 226 Ra). Samples were counted by a germanium detector (2,000-mm 2 area) for low-energy gamma rays, and data were collected using a 4,096 channel multi-channel analyzer. Samples were typically counted for 24 hours (depending on sample size) or until counting errors were less than 5 percent. The gamma system was calibrated using a NIST-traceable multi-line radioisotope standard in a soil matrix with the same counting geometry as the samples. Bi (bismuth-214) (609 kev). Activities calculated from the three peaks were combined to yield a weighted-mean reported value and standard deviation. The gamma-ray counting system was calibrated and frequently checked by counting radioisotope standards prepared by doping portions of Florida Bay sediment with precisely known amounts of a radium standard solution (Robbins and others, 2000) . This solution has a 0.4 percent uncertainty in activity at the 99 percent confidence level, which is due to random counting errors, and an additional 0.8 percent uncertainty due to assessable systematic counting errors. Reported standard deviations in 226 Ra activity, including random errors associated with detector calibration, were typically 5-7 percent. and inventories (dpm/cm 2 ) are also included in tables 7-10.
The inventory of 210 Pb was determined over the last 150 yr in the dated portions of the cores and the flux estimated as that required to produce the observed inventory when corrected for decay. For 137 Cs, the inventory is the sum over intervals where 137 Cs was detected, and the flux is the inventory divided by the number of years during which 137 Cs was observed. 
